Interaction with endothelial cells is a prerequisite for branching ductal-alveolar morphogenesis and hyperplasia of preneoplastic human breast epithelial cells: regulation by estrogen.
Although there is experimental evidence supporting the involvement of angiogenesis in the pathogenesis of breast cancer, the exact nature and effects of interaction between human breast epithelial cells (HBECs) and endothelial cells (ECs) have not been described thus far. This approach requires an assay system that permits growth and differentiation of both epithelial and endothelial cells. Here, we report the development of a three-dimensional in vitro culture system that supports growth and functional differentiation of preneoplastic HBECs and ECs and recapitulates estrogen-induced in vivo effects on angiogenesis and the proliferative potential of MCF10AT xenografts. MCF10A and MCF10AT1-EIII8 (referred to as EIII8) cell lines used in this study are normal or produce preneoplastic lesions, respectively. When MCF10A or EIII8 cells are seeded on reconstituted basement membrane (Matrigel), both lines organize into a three-dimensional tubular network of cells; however, tubes produced by EIII8 cells appear multicellular in contrast to unicellular structures formed by MCF10A cells. However, when MCF10A or EIII8 cells are cocultured with human umbilical vein endothelial cells (HUVECs) on Matrigel, rather than interacting with extracellular matrix, the ECs exhibit preferential adherence to epithelial cells. Although both MCF10A and EIII8 cells provide preferential substrate for EC attachment, only EIII8 cells facilitate sustained proliferation of ECs for prolonged periods that are visualized as "endothelial cell enriched spots," which express factor VIII-related antigen. At regions of endothelial-enriched spots, preneoplastic HBECs undergo branching ductal-alveolar morphogenesis that produce mucin, express cytokeratins, and proliferating cell nuclear antigen. The presence of actively proliferating and functional endothelial cells is essential for ductal-alveolar morphogenesis of preneoplastic HBECs because without ECs, the epithelial cells formed only tubular structures. This ability to establish functional ECs and ductal-alveolar morphogenesis is facilitated only by preneoplastic HBECs because normal MCF10A cells fail to elicit similar effects. Thus, a cause-effect relationship that is mutually beneficial exists between EC and preneoplastic HBECs that is critical for generation of functional vascular networks and local proliferative ductal alveolar outgrowths with invasive potential. Both these processes are augmented by estrogen, whereas antiestrogens inhibit these processes. Induction and maintenance of angiogenic phenotype is associated with up-regulation in expression of interleukin 8 and matrix metalloproteinase-2 and estrogen-induced increases in vascular endothelial growth factor and vascular endothelial growth factor receptor 2. This three-dimensional culture model offers a unique opportunity to study endothelial- and epithelial cell-specific factors that are important for ductal-alveolar morphogenesis, angiogenesis, and progression to malignant phenotype.